Gametes are generated through a specialized cell differentiation process, 18 meiosis which, in most mammals, is initiated in ovaries during fetal life. It is widely 19 admitted that all-trans retinoic acid (ATRA) is the molecular signal triggering meiosis 20 initiation in mouse female germ cells, but a genetic approach in which ATRA synthesis 21 is impaired disputes this proposal. In the present study, we investigated the 22 contribution of endogenous ATRA to meiosis by analyzing fetuses lacking all RARs 23 ubiquitously, obtained through a tamoxifen-inducible cre recombinase-mediated gene 24 targeting approach. Efficient ablation of RAR-coding genes was assessed by the 25 multiple congenital abnormalities displayed by the mutant fetuses. Unexpectedly, their 26 germ cells robustly expressed STRA8, REC8, SYCP1 and SYCP3, showing that RAR 27 are actually dispensable up to the zygotene stage of meiotic prophase I. Thus our study 28 goes against the current model according to which meiosis is triggered by endogenous 29 ATRA in the developing ovary and revives the identification of the meiosis-preventing 30 substance synthesized by CYP26B1 in the fetal testis. 32 Mammalian meiosis is a germ-cell specific division process that generates 33 haploid gametes from their diploid precursors, oogonia in the female and 34 spermatogonia in the male. In the mouse, female germ cells enter into meiosis before 35 birth, around embryonic day 13.5 (E13.5) 1 . During the same embryonic period, male 36 germ cells stop proliferating, and enter the G0/G1 phase of the cell cycle thus 37 becoming mitotically quiescent. Male germ cells resume proliferation at birth, and then 38 enter into meiosis starting from post-natal day 8 2 .
Introduction
Importantly, the meiotic gatekeeper STRA8 23 was also expressed in germ cells 138 of mutant ovaries, notably in those which underwent cre/ERT 2 -mediated recombination 139 ( Fig. 3C,F) , albeit their number was about half-less that observed in control ovaries 140 (Fig. 2C) . Accordingly, Stra8 mRNA was present in only 30% of the germ cells from 141 mutant ovaries at E13.5, versus 92% in control ovaries. In addition, its expression level 142 was slightly decreased, when compared to the control situation (Fig. 3I ). This 143 difference was smoothed out at E14.5 in mutant germ cells where the expression level 144 of Stra8 almost reached that measured in control germ cells at E13.5 (Fig. 3I) . These 145 observation suggested that Stra8 expression might be delayed in the absence of RARs.
146
Ablation of RARs at an earlier developmental stage dramatically impacts 147 embryonic development but not meiosis initiation 148 When treated by TAM at 10.5, the mutant fetuses displayed, at E14.5, some of 149 the eye defects typically observed in Rarb -/-;Rarg -/knockout fetuses (Suppl. Fig. 7) . 150 However, overall these mutant fetus were much less malformed than expected from 151 previous works 24 . For instance, the cardiac defects described in Rara -/-;Rarg -/-152 knockout fetuses 25 were not observed. To test for the possibility that this discrepancy 153 could be due to the timing of RARs ablation, we treated pregnant females with TAM at 154 E9.5, and analyzed the phenotypes induced in fetuses at E14.5. The mutants 155 generated in this way displayed most of the congenital malformations that are 156 hallmarks of the loss of RARs 24 (Fig. 4) . We conclude therefore that deletion of RARs gonads more dramatically than at E10.5. Yet, ovaries formed in mutants and contained 162 normal amounts of germ cells, out of which many of them were meiotic, as indicated 163 by their expression of SYCP3 at E14.5 (Suppl. Fig. 8 ). 164 To test for the possibility of a delay in meiosis entry in the absence of RAR (see 165 above), we analyzed at E15.5 control and mutant ovaries of fetuses treated by TAM at 166 E9.5. Virtually all germ cells had entered meiosis in the mutant ovaries, as attested by 167 the detection of SYCP3 in almost all germ cells ( Fig. 5A,B) . Moreover, a majority of 168 the germ cells showed thread-like segments of synaptonemal complexes positive for 169 only SYCP3 or SYCP1 and SYCP3, indicating that they were at the late leptotene to 170 zygotene stages ( Fig. 5C,D) . Both REC8 and STRA8 were detected at E15.5 in a few 171 germ cells from control and mutant ovaries ( Fig. 5E-H to the zygotene stage at E15.5, despite the delay in Stra8 expression. This finding 204 suggests that Stra8 expression is not be the primary event triggering meiosis in oocytes, 205 which is unexpected given its assigned central role in this process 23 . Accordingly,
206
Stra8-deficient ovarian germ cells can grow and differentiate into oocyte-like cells, 207 without premeiotic chromosomal replication, synapsis and recombination 45 . Analysis 208 of RAR-deficient oocytes beyond zygotene would certainly be informative, but is 209 unfortunately not possible because RAR-null mutant fetuses die at birth from multiple 210 congenital abnormalities 24 .
211
The finding that RARs are crucial for neither Stra8 expression nor meiosis 212 initiation implies that ATRA is not the molecule triggering meiosis, provided it does not 213 act through a RAR-independent mechanism. Several reports describe binding of ATRA 214 to nuclear receptors other than RARs. First, peroxisome proliferator activated receptor 215 delta (PPARD) is activated by ATRA when the latter is delivered bound to FABP5. The 216 interaction of ATRA with PPARD has a Kd of 15-50 nM 46 , more than two order of 217 magnitude weaker than that of RAR, which is in the 0.1-0.2 nM range 47,48 . This 218 concentration of ATRA is much higher than that observed in the fetal mouse ovary 7 or 219 required for Stra8 expression 36 . In addition, Fabp5 is not expressed in the mouse fetal 
